NOTICE
WARNING CONCERNING
COPYRIGHT RESTRICTIONS

The copyright law of the United States [Title 17, United States
Code] governs the making of photocopies or other reproductions
of copyrighted material

Under certain conditions specified in the law, libraries and archives
are authorized to furnish a photocopy or other reproduction.One of
these specified conditions is that the reproduction is not to be
used for any purpose other than private study, scholarship, or research.
If a user makes a request for, or later uses, a photocopy or repro-
duction for purposes in excess of "fair use," that use may be liable
for copyright infringement.

This institution reserves the right to refuse to accept a copying
order if, in its judgement, fullfilment of the order would involve
violation of copyright law. No further reproduction and distribution
of this copy is permitted by transmission or any other means.



FIGURES

54



Case4 m; >m;>0

m; By iy H;
.1 ﬁ.‘ Ii11'1‘!"—'ﬁ1i_ﬁ1f ii l’h rhm=rhi—rhf
lh f f
m Hf m I—If ) .
{ Hy = H; = K H_Himi"'Htmf
m ~ o
m,, H, m, Hp Mg,

ml Hl fhl I'Il
. mm=lili—rhf mmzml mf
1 mg i mg
—— ’_.\__‘__
my Ho oy _pom mr H
m = T mel Hfmf
Hp, = :
rhm I'Irn My, Hm Mgy
Case3 my<my<0 Case6 me>m >0
m; Hj m; H;
. my = m; — mg . My, = m; — mg
1 mf i mf
m¢ H m H;
f — _
{ o By — Hoy Hp = H = H;
m B .
Mg, m,, H,,

Figure 2.1 Possible flow configurations that can occur at a feedzone (modified after
Bjornsson, 1987).
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Figure 4.1 Illustration of the different flow regimes (after Orkiszewski, 1967).
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Figure 5.1 Saturation curve for H,O (after Pritchett et al., 1981).
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Figure 5.3 Effect of CO, on the surface tension of H,O at different temperatures.
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APPENDIX A
(SAMPLE RUNS FOR GWELL)
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SAMPLE 1 INPUT FILE

Sample 1 for Simulator GWELL

- Option 1 used -

- The well is producing two-phase fluid at the wellhead -

0.7000E+06

161.0

100.0000

0.03

2530.000

0.000

2800.000

1000.000

6.0480E+05

20
300.0 0.1102 4.6E-5 25.0 90.0
30.0 0.1102 4.6E-5 15.0 88.0

30.0 0.1102 4.6E-5 15.0 86.0
30.0 0.1102 4.6E-5 15.0 84.0
30.0 0.1102 4.6E-5 15.0 82.0
30.0 0.1102 4.6E-5 15.0 80.0
30.0 0.1102 4.6E-5 15.0 78.0
30.0 0.1102 4.6E-5 15.0 76.0
30.0 0.1102 4.6E-5 15.0 74.0
30.0 0.1102 4.6E-5 15.0 72.0
30.0 0.1102 4.6E-5 15.0 70.0
30.0 0.1102 4.6E-5 15.0 68.0
30.0 0.1102 4.6E-5 15.0 66.0
30.0 0.1102 4.6E-5 15.0 64.0
30.0 0.1102 4.6E-5 15.0 62.0
30.0 0.1102 4.6E-5 15.0 60.0
150.0 0.1102 4.6E-5 25.0 60.0
10.0 0.1102 4.6E-5 10.0 60.0
1600.0 0.0873 1.5E-5 25.0 60.0

20.0 0.0873 1.5E-5 20.0 60.0

0.0 25.00
1000.0 260.00
2000.0 310.00
2500.0 330.00
3
1110.0 20.00 1.7000E+06 0.10
1810.0 40.00 1.2000E+06 0.02

4

SAMPLE 1 GWELL.LOG FILE

Two phase to water phase
Temperature X2 Depth
0.271164E+03 -0.00095425 1310.0
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SAMPLE 2 INPUT FILE

Sample 2 for Simulator GWELL
- Option 2 wused -

2.0000E+06

12.40E+06

0.100E+06

0.00

2530.000

0.000

2800.000

1000.000

6.0480E+05

20
300.0 0.1102 4.6E-5 25.0 90.0
30.0 0.1102 4.6E-5 15.0 88.0

30.0 0.1102 4.6E-5 15.0 86.0
30.0 0.1102 4.6E-5 15.0 84.0
30.0 0.1102 4.6E-5 15.0 82.0
30.0 0.1102 4.6E-5 15.0 80.0
30.0 0.1102 4.6E-5 15.0 78.0
30.0 0.1102 4.6E-5 15.0 76.0
30.0 0.1102 4.6E-5 15.0 74.0
36.0 0.1102 4.6E-5 15.0 72.0
30.0 0.1102 4.6E-5 15.0 70.0
30.0 0.1102 4.6E-5 15.0 66.0
30.0 0.1102 4.6E-5 15.0 64.0
30.0 0.1102 4.6E-5 15.0 62.0
30.0 0.1102 4.6E-5 15.0 60.0
150.0 0.1102 4.6E-5 25.0 60.0
10.0 0.1102 4.6E-5 10.0 60.0
1600.0 0.0873 1.5E-5 25.0 60.0
20.0 0.0873 1.5E-5 20.0 60.0

4
0.0 25.00
1000.0 260.00
2000.0 310.00
2500.0 330.00
3
1110.0 10.00E+06 1700.0E+03 5.0E-13 0.10
2010.0 13.50E+06 250.0E+03 8.00E-13 0.02

2530.0 15.35E+06 300.0 10.0E-13 0.010
SAMPLE 2 GWELL.LOG FILE
Iteration no : 0]
It no 0- Single water to two phase flow at 2110.00 m depth
It no o- Change of phase at a feedzone at 2010.0 m depth.
X before= 0.01635 X after= 0.00000
Slow convergence at 1610.0 m depth when Q= 30.49 kg/s
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SAMPLE 2 GWELL.LOG FILE (cont)

New node added at 1622.0 m depth

Slow convergence at 1610.0 m degth when Q= 30.49 kg/s
New node added at 1616.0 m dept
It no 0- Single water to two phase flow at 1610.00 m depth
Iteration no : 1
It no 1- Single water to two phase flow at 2110.00 m depth
It no 1- Change of phase at a feedzone at 2010.0 m depth.
X before= 0.01645 X after= 0.00000
It no 1- Single water to two phase flow at 1610.00 m depth
Iteration no : 2
It no 2~ Single water to two phase flow at 2110.00 m depth
It no 2= change of phase at a feedzone at 2010.0 m depth.
X before= 0.01654 X after= 0.00000
It no 2~ Single water to two phase flow at 1610.00 m depth
Iteration no : 3
It no 3- Single water to two phase flow at 2110.00 m depth
It no 3~ change of phase at a feedzone at 2010.0 m depth.
X before= 0.01664 X after= 0.00000
It no 3- Single water to two phase flow at 1610.00 m depth
Iteration no : 4
It no 4- single water to two phase flow at 2110.00 m depth
It no 4- Change of phase at a feedzone at 2010.0 m depth.
X before= 0.01674 X after= 0.00000
It no 4- Single water to two phase flow at 1610.00 m depth
Iteration no : 5
It no 5- Single water to two phase flow at 2110.00 m depth
It no 5- Change of phase at a feedzone at 2010.0 m depth.
X before= 0.01684 X after= 0.00000
It no 5- Single water to two phase flow at 1610.00 m depth
SAMPLE 2 GWELL.ITER FILE
P required Max Error Step size Pbott Max Pbott min
(bars) (bars) (bars) (bars) (bars)
20.0000 1.0000 0.0200 153.4800 20.0000
It no P bottom P top Difference Q top H top
(bars) (bars) (bars) (kg/s) (kJ/kg)
0 124.0000 21.1408 1.1408 44.170 1255.522
1 123.9800 21.1089 1.1089 44.195 1255.596
2 123.9600 21.0741 1.0741 44.221 1255.681
3 123.9400 21.0392 1.0392 44.246 1255.768
4 123.9200 21.0042 1.0042 44.272 1255.852
5 123,.9000 20.9691 0.9691 44.298 1255.938
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APPENDIX B
(SAMPLE RUNS FOR GWNACL)

74



SAMPLE 1 INPUT FILE

Sample 1 for Simulator GWNACL
- Option 1 used -
- The well is producing two-phase fluid at the wellhead -
2.0000E+06
1.4000E+06
100.0000
0.008
2530.000
0.000
2800.000
1000.000
6.0480E+05

20 :

300.0 0.1102 4.6E-5 25.0 90.0
30.0 0.1102 4.6E-5 15.0 88.0
30.0 0.1102 4.6E-5 15.0 86.0
30.0 0.1102 4.6E-5 15.0 84.0
30.0 0.1102 4.6E-5 15.0 82.0
30.0 0.1102 4.6E-5 15.0 80.0
30.0 0.1102 4.6E-5 15.0 78.0
30.0 0.1102 4.6E-5 15.0 76.0
30.0 0.1102 4.6E-5 15.0 74.0
30.0 0.1102 4.6E-5 15.0  72.0
30.0 0.1102 4.6E-5 15.0 70.0
30.0 0.1102 4.6E-5 15.0 68.0
30.0 0.1102 4.6E-5 15.0 66.0
30.0 0.1102 4.6E-5 15.0 62.0
30.0 0.1102 4.6E-5 15.0 60.0

150.0 0.1102 4.6E-5 25.0 60.0
10.0 0.1102 4.6E-5 10.0 60.0
20.0 0.0873 1.5E-5 20.0 60.0

4
0.0 25.00
1000.0 260.00
2000.0 310.00
2500.0 330.00
3
1110.0 20.00 1.7000E+06 0.0001
1810.0 40.00 1.2000E+06 0.0070

SAMPLE 1 GWNACL.LOG FILE
Two phase to water phase
Pressure X2 Depth
0.888494E+07 -0.00088472 1185.0

Change of phase at a feedzone at 1810.0 m depth.
X before= 0.00000 X after= 0.00059

Two phase to water phase

Pressure X2 Depth
0.131155E+08 -0.00338873 1835.0
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SAMPLE 2 INPUT FILE

Sample 2 for Simulator GWNACL
- Option 2 wused -

1.5000E+0
11.60E+06
0.100E+06
0.00
2530.000
0.000
2800.000
1000.000
6.0480E+0
20
300.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
150.0
10.0
1600.0
20.0
4

0.0
1000.0
2000.0
2500.0

3
1010.0

2530.0 14.35E+06 310.0

6

5

0.1102
0.1102
0.1102
0.1102
0.1102
0.1102
0.1102
0.1102
0.1102
0.1102
0.1102
0.1102
0.1102
0.1102
0.1102
0.1102
0.1102
0.1102
0.0873
0.0873

25.00
260.00
310.00
330.00

4.6E~-5
4.6E-5
4.6E-5
4.6E-5
4.6E-5
4.6E-5
4.6E-5
4.6E-5
4.6E-5
4.6E-5
4 . 6E-5
4 . 6E-5
4.6E-5
4.6E~-5
4.6E-5
4 . 6E-5
4.6E~-5
4.6E-5
1.5E~5
1.5E-5

25.0 90.0
15.0 88.0
15.0 86.0
15.0 84.0
15.0 82.0
15.0 80.0
15.0 78.0
15.0 76.0
15.0 74.0
15.0 72.0
15.0 70.0
15.0 68.0
15.0 66.0
15.0 64.0
15.0 62.0
15.0 60.0
25.0 60.0
10.0 60.0
25.0 60.0
20.0 60.0

2.00E+06 1700.0E+03 5.0E-13 0.002
1810.0 11.50E+06 1500.0E+03 8.0E-13 0.006

12.0E-13 0.010
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SAMPLE 2 GWNACL.LOG FILE

Iteration no : 0

It no O- Single water to two phase flow at 2210.00 m depth

Slow convergence at 1510.0 m depth when Q=
New node added at 1522.0 m dept
Iteration no :

48.79 kg/s

1
It no 1- single water to two phase flow at 2210.00 m depth

Slow convergence at 1510.0 m depth when Q=
New node added at 1522.0 m depth
Iteration no : 2

48.83 kg/s

It no 2= single water to two phase flow at 2210.00 m depth

81

Slow convergence at 1510.0 m depth when Q= 48.86 kg/s
New node added at 1522.0 m dept
SAMPLE 2 GWNACL.ITER FILE
P required Max Error Step size Pbott Max Pbott min
(bars) (bars) {bars) (bars) (bars)
15.0000 1.0000 0.0200 143.4800 15.0000
It no P bottom P top Difference Q top H top
{bars) (bars) (bars) (kg/s) (kJ/kg)
0 116.0000 16.1018 1.1018 47.962 1418.676
1 115.9800 16.0262 1.0262 48.003 1418.667
2 115.9600 15.9509 0.9509 48.044 1418.653
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APPENDIX C
(SAMPLE RUNS FOR HOLA)
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SAMPLE 1 INPUT FILE

Sample 1 for Simulator HOLA
- Option 1 used - )
- The well is producing two-phase fluid at the wellhead -

0.7000E+06

1.3000E+06
100.0000
2530.000
2.000
2800.000
1000.000
6.0480E+05
20
300.0 0.1102 4.6E-5 25.0 90.0
30.0 0.1102 4.6E-5 15.0 88.0
30.0 0.1102 4.6E-5 15.0 86.0
30.0 0.1102 4.6E~-5 15.0 84.0
30.0 0.1102 4.6E-5 15.0 82.0
30.0 0.1102 4.6E-5 15.0 80.0
30.0 0.1102 4.6E-5 15.0 78.0
30.0 0.1102 4.6E-5 15.0 76.0
30.0 0.1102 4.6E-5 15.0 74.0
30.0 0.1102 4.6E-5 15.0 72.0
30.0 0.1102 4.6E-5 15.0 70.0
30.0 0.1102 4.6E-5 15.0 68.0
30.0 0.1102 4.6E-5 15.0 66.0
30.0 0.1102 4.6E-5 15.0 64.0
30.0 0.1102 4.6E-5 15.0 62.0

30.0 0.1102 4.6E-5 15.0 60.0
150.0 0.1102 4.6E-5 25.0 60.0
10.0 0.1102 4.6E-5 10.0 60.0
1600.0 0.0873 1.5E-5 25.0 60.0
20.0 0.0873 1.5E-5 20.0 60.0

4

0.0 25.00
1000.0 260.00
2000.0 310.00
2500.0 330.00
3
1110.0 -10.00 1.0000E+06
1810.0 40.00 1.5000E+06

SAMPLE 1 HOLA.LOG FILE

Two phase to water phase
Pressure X2 Depth
0.834715E+07 -0.00033092 1235.0
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SAMPLE 2 INPUT FILE

Sample 2 for Simulator HOLA )
- Option 1 used , the well is injecting separated
single-phase waste water-

0.4000E+06
700.0E+03
~100.000
2530.000
0.000
2800.000
1000.000
6.0480E+05
20
300.0 0.1102 4.6E-5 25.0 90.0
30.0 0.1102 4.6E-5 15.0 88.0
30.0 0.1102 4.6E-5 15.0 86.0
30.0 0.1102 4.6E-5 15.0 84.0
30.0 0.1102 4.6E-5 15.0 82.0
30.0 0.1102 4.6E-5 15.0 80.0
30.0 0.1102 4.6E-5 15.0 78.0
30.0 0.1102 4.6E-5 15.0 76.0
30.0 0.1102 4.6E-5 15.0 74.0
30.0 0.1102 4.6E-5 15.0 72.0
30.0 0.1102 4.6E-5 15.0 70.0
30.0 0.1102 4.6E-5 15.0 68.0
30.0 0.1102 4.6E-5 15.0 66.0
30.0 0.1102 4.6E-5 15.0 64.0
30.0 0.1102 4.6E-5 15.0 62.0
30.0 0.1102 4.6E-5 15.0 60.0
150.0 0.1102 4.6E-5 25.0 60.0
10.0 0.11202 4.6E-5 10.0 60.0
1600.0 0.0873 1.5E-5 25.0 60.0
20.0 0.0873 1.5E-5 20.0 60.0
4

0.0 25.00
1000.0 260.00
2000.0 310.00
2500.0 330.00
3
1110.0 -40.00 0.0000E+06
1810.0 -40.00 0.0000E+06

SAMPLE 2 HOLA.LOG FILE

Two phase to water phase
Pressure X2 Depth
0.817824E+06 =-0.01470524 25.0
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SAMPLE 3 INPUT FILE

Sample 3 for Simulator HOLA
- Option 2 wused -

3.0000E+06
14.10E+06
0.100E+06
2530.000
0.000
2800.000
1000.000
6.0480E+05
20
300.0 0.1102
30.0 0.1102
30.0 0.1102
30.0 0.1102
30.0 0.1102
30.0 0.1102
30.0 0.1102
30.0 0.1102
30.0 0.1102
30.0 0.1102
30.0 0.1102
30.0 0.1102
30.0 0.1102
30.0 0.1102
30.0 0.1102
30.0 0.1102
150.0 0.1102
10.0 0.1102
1600.0 0.0873
20.0 0.0873
4
0.0 25.00
1000.0 260.00
2000.0 310.00
2500.0 330.00
3

4.6E~5
4.6E-5
4.6E-5
4.6E-5
4.6E-5
4.6E-5
4.6E-5
4.6E-5
4.6E-5
4.6E-5
4.6E~5
4.6E-5
4.6E-5
4.6E-5
4.6E-5
4.6E-5
4.6E-5
4.6E-5
1.5E-5
1.5E-5

25.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
25.0
10.0
25.0
20.0

90.0
88.0
86.0
84.0
82.0
80.0
78.0
76.0
74.0
72.0
70.0
68.0
66.0
64.0
62.0
60.0
60.0
60.0
60.0
60.0

1110.0 10.0E+06 1600.0E+03 5.0E-13
2010.0 13.5E+06 1200.0E+03 8.00E-13

2530.0 15.35E+06 290.0 5.00E-13

SAMPLE 3 HOLA.LOG FILE
. Iteration no : 0

It no 0- Single water to two phase flow at 1285.00 m depth
Iteration no : 1

It no 1- Single water to two phase flow at 1285.00 m depth
Iteration no : 2

It no 2- Single water to two phase flow at 1285.00 m depth
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SAMPLE 3 HOLA.LOG FILE

Iteration no : 3
It no 3- Single water to two phase flow at 1285.00 m depth
Iteration no : 4
It no 4- Single water to two phase flow at 1285.00 m depth
Iteration no : 5
It no 5- Single water to two phase flow at 1285.00 m depth
: Iteration no : 6
It no 6~ Single water to two phase flow at 1285.00 m depth
Iteration no : 7
It no 7= Single water to two phase flow at 1285.00 m depth
Iteration no : 8
It no 8- Single water to two phase flow at 1285.00 m depth
Iteration no : 9
It no 9- Single water to two phase flow at 1285.00 m depth
Iteration no : 10
It no 10- Single water to two phase flow at 1285.00 m depth
Iteration no : 11
It no 11- Single water to two phase flow at 1285.00 m depth
Iteration no : 12
It no 12- Single water to two phase flow at 1285.00 m depth
Iteration no : 13
It no 13- Single water to two phase flow at 1285.00 m depth
Iteration no : 14
It no 14- Single water to two phase flow at 1285.00 m depth
Iteration no : 15
It no 15~ Single water to two phase flow at 1285.00 m depth
SAMPLE 3 HOLA.ITER FILE
P required Max Error Step size Pbott Max Pbott min
(bars) (bars) (bars) (bars) (bars)
30.0000 1.0000 0.0200 153.4800 30.0000
It no P bottom P top Difference Q top H top
(bars) (bars) (bars) (kg/8) (kJ/kg)
0 141.0000 31.4348 1.4348 36.906 1448.689
1 140.9800 31.4059 1.4059 36.939 1448.576
2 140.9600 31.3769 1.3769 36.973 1448.462
3 140.9400 31.3478 .1.3478 37.006 1448.349
4 140.9200 31.3188 1.3188 37.040 1448.235
5 140.9000 31.2897 1.2897 37.074 1448.121
6 140.8800 31.2605 1.2605 37.107 1448.008
7 140.8600 31.2314 1.2314 37.141 1447.894
8 140.8400 31.2022 1.2022 37.174 1447.780
9 140.8200 31.1729 1.1729 37.208 1447.666
10 140.8000 31.1437 1.1437 37.242 1447.552
11 140.7800 31.1144 1.1144 37.275 1447.438
12 140.7600 31.0851 1.0851 37.309 1447.323
13 140.7400 31.0557 1.0557 37.342 1447.209
14 140.7200 31.0264 1.0264 37.376 1447.094
15 140.7000 30.9970 0.9970 37.410 1446.980
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